Investigating the Benefit of Using Magnetorheological Fluids in a Shock Absorber by Guo, Chao
Linfield College 
DigitalCommons@Linfield 
Senior Theses Student Scholarship & Creative Works 
5-2013 
Investigating the Benefit of Using Magnetorheological Fluids in a 
Shock Absorber 
Chao Guo 
Linfield College 
Follow this and additional works at: https://digitalcommons.linfield.edu/physstud_theses 
 Part of the Fluid Dynamics Commons 
Recommended Citation 
Guo, Chao, "Investigating the Benefit of Using Magnetorheological Fluids in a Shock Absorber" (2013). 
Senior Theses. 4. 
https://digitalcommons.linfield.edu/physstud_theses/4 
This Thesis (Open Access) is protected by copyright and/or related rights. It is brought to you for free via open 
access, courtesy of DigitalCommons@Linfield, with permission from the rights-holder(s). Your use of this Thesis 
(Open Access) must comply with the Terms of Use for material posted in DigitalCommons@Linfield, or with other 
stated terms (such as a Creative Commons license) indicated in the record and/or on the work itself. For more 
information, or if you have questions about permitted uses, please contact digitalcommons@linfield.edu. 

Signature redacted
Signature redacted
Investigating the benefit of using 
magnetorheological fluids in a shock absorber 
Chao Guo 
A Thesis 
Presented to the Department of Physics 
Linfield College 
McMinnville, Oregon 
In partial fulfillment of the degree requirements 
for the Degree of 
BACHELOR OF SCIENCE 
MAY，2013
II 
Thesis Acceptance 
Linfield College 
Thesis title:  Investigating the benefit of using MR fluids in a shock 
absorber 
Submitted by: Chao Guo     Date Submitted: May 2013 
Thesis Advisor: __________________________________ 
Dr. Joelle Murray 
Thesis Advisor: __________________________________ 
Dr. Tianbao Xie 
Thesis Advisor: __________________________________ 
Dr. William Mackie 
Signature redacted
Signature redacted
Signature redacted
III 
Abstract 
The beneficial properties of magnetorheological fluids are applied in the design and 
testing of a prototype suspension system. Because viscosity of these fluids increased 
tremendously under the influence of a magnetic field, a suspension shock absorber 
containing magnetorheological fluids fluid is proposed. The shock system tested 
displayed resistance to motion with respect to the magnetic field strength. 
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CHAPTER 1： 
INTRODUCTION 
The properties of smart materials can be controlled by changing the external 
conditions. A magnetorheological (MR) fluid is a type of smart fluid that has been in 
use since the late 1940s. An MR fluid consists of very tiny magnetite particles, a 
carrier fluid, and an additive. When a magnetic field is applied to this fluid, its 
damping viscosity is increased. This is because the magnetic particles are joining 
together to form a more rigid body with the existence of a magnetic field. Based on 
this property, MR fluids have become a hot material in research since the 1980s and 
many applications that are in use today as the result of these researches. Most of the 
applications are in the area of motion damping, shock absorption, and vibration 
suppression. For instance, large dampers are currently used in the superstructure of 
large buildings and bridges to help prevent wind and earthquake damages ]. Examples 
are the Franjo Tudjman Bridge, which was completed in 2001 and extends 6 km over 
part of the sea north of Dubrovnik, Croatia and the Dongting Lake Bridge in the 
Hunan province in China both have magnetorheological fluid dampers installed as 
earthquake and wind protection. MR fluids are also being used in shock absorbers for 
military vehicles. It could work as a replacement for the oil inside a shock absorber 
because the damping effect could be controlled by applying a magnetic field.  
 
Unlike the traditional shock absorbers, the stiffness of MR shocks can be adjusted 
accordingly to create a maximum comfortable ride. When the car is running on the 
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highway, harder shocks can provide better control and while the car is over-landing, 
adjustable damping could help the car to enhance stability on gravel, and slippery 
road surfaces. To change the viscosity, an electromagnet is placed around the shock 
and to control the hardness of the shock absorber. By comparing the prototype of 
shock with MR fluid, air and oil, useful data were collected. This experiment showed 
that as the applied magnetic field strength increases, the viscosity will increase too. 
This experiment showed the possibility using shock absorbers on vehicles.     
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CHAPTER 2： 
THEORY 
Magnetorheological Fluid Composition: 
Magnetorheological fluid (also known as MR fluid) has been in use since 1947 (1) 
when Jacob Robinow applied for the patent. MR fluids consist of very tiny magnetite 
particles, a carrier fluid, and a rheological additive that can stabilize the fluid. This 
mixture has the ability to flow like an ordinary fluid and, when a magnetic field is 
present, become a rigid semi-solid.  
 
The fluid used in experimentation was composed of a 1: 1: 1 ratio of the three 
elements. This created a reasonable viscosity when magnetic field was absent, and a 
high viscosity while under the influence of a magnetic field with reasonable strength. 
Figure 1. The magnetic hysteresis loop. 
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Most of the magnetite particles used in MR fluids has sizes ranging from 0.1 micron 
to 10.0 microns. If particles are too small, the viscosity changes inconspicuous. If 
particles are too big, the fluid has precipitate too quick. Both are not good for shock 
absorbers. During the experiment, the 500nm size particles are chosen. The key 
particles used in MR fluid are magnetite. Most people use Iron Oxides (Fe3O4). This 
black magnetite is soft magnet and its magnetic hysteresis loop is pretty skinny 
(Figure 1). Which means the residue magnetic dipole is small. This property makes 
viscosity of MR fluids has big changes.    
 
For an MR fluid, the carrier fluids are a key ingredient. Theoretically, the carrier fluid 
can be almost any fluid especially oil such as gear oil, motor oil and silicon oil. 
However, these oils have different viscosities. Motor oil and silicon oil, are 
commonly used carrier fluid in MR for their low viscosity. In this experiment, the 
semi synthetic 5w-30 motor oil was used. Synthetic oil was used due to their better 
high temperature performance. 
 
Additives were used to prevent the metal particles from settling down and to add to 
the rheological properties. Additives also allow the molecules of the carrier fluid to 
bond to the metal particles. The main type of additive found in MR fluid is a colloidal 
additive such as organoclay which is an organically modified version of bentonite. 
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Electromagnet: 
Magnetic field applied to MR material is mostly generated by electromagnet. This is 
because the smaller size to create stronger and controllable magnetic field. There are 
four aspects of the electromagnet that affect the field strength it generates: the radius 
of the cylindrical core, the permeability of the core, the number of coils around the 
core, and the current flowing through the coil.  
 
There are two ways to assembling the electromagnet in the MR shock absorber. One 
electromagnet can encompass the entire frame that holds the fluid, or two 
electromagnets can be used; placing one on each side of the frame. There are 
advantages to each design. The magnetic field strength is strongest inside of the 
cylinder with one electromagnet encompassing the entire frame; however this requires 
a larger radius than placing it on the side of the frame.  
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CHAPTER 3:  
EXPERIMENT 
In order to execute the experiment, the magnetorheological (MR) suspension absorber 
needs to be constructed. Below, several parameters are discussed that affect the design 
of the suspension: the structural stability, permeability of materials, and the O-rings to 
prevent MR fluid and oil leaks. Figure 1 shows each individual component of the 
suspension absorber and how it fits together. 
Figure 2: The design of a shock suspension with all components 
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Suspension Absorber Design 
The most important part of the design is the selection of materials. Each part of the 
suspension absorber must be non-magnetic because the strength of the magnetic field 
will affect the MR fluid. To maximize the moving distance of the piston，the piston 
will have only 1/4 inch to touch the inside of the fluid container.   
Figure 3: Assembled shock system with section view 
The container is constructed from cast Acrylics, which has no magnetic permeability 
and is corrosion resistant. It is also useful for observing. The piston is constructed 
from stainless steel, which has low magnetic permeability and is corrosion resistant.  
 
The static O-ring design prevents the fluid from leaking out of the container. There are 
two O-rings used in the design between cast acrylics and aluminum top and bottom 
Shaft
Spring
Block
Block with 
O‐ring 
Piston
Container
Block
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(shown Figure 1). The dynamic O-ring between the vertical moving axial is use for a 
dynamic system. A static O-ring design has a smaller gap than dynamic O-ring. The 
Figure 3 below shows the different between static and dynamic O-ring. A lubricant 
like oil reduces the friction between the O-ring and axial shaft, which allows for 
smooth vertical movement. Also the lubricant can prevent the O-ring from abrasion 
and pinching.  
Static O-Ring： 
 
Dynamic O-Ring 
Size： 1/8 and Depth = 0.111” to 0.113” 
G= 0.187 to 0 .192 
Squeeze rate: 16% to 23% 
Size： 1/16 and Depth = 0.055 to 0.057 
G = 0.093” to 0.095” 
Squeeze rate: 15% to 25% 
Figure 4: Static and Dynamic O-ring 
 
Experimental Procedure 
With the suspension absorber constructed and a method of testing in order, the 
experiment can be executed. The stationary section of the suspension absorber is 
mounted and the spring can compress freely (shown in Figure 4). A compression lock 
is designed on the side of the spring to compress the spring and move the piston inside 
the container to 1/4 inch above the bottom block. A sensor is used to detect the 
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distance from the top of the suspension to the ground.  
 
 
Figure 5: the design view and the real test platform 
Five different trials are conducted, each with different conditions inside the container: 
air, oil, MR Fluid, MR fluid with two different strength of magnetic field. We can then 
compare the different accelerations between different types of material in the 
suspension absorber. 
 
Because the same compression distance is used for each test run, the main force 
affecting the amplitude of motion is the resistive force of the fluid in the container. 
This way, the data collected could show the difference in performance of the 
suspension absorber.  
 
The Figure 5 shows the shock absorber. The left displays the container empty. The 
middle is filled with oil (5w-30) and the right is filled with MR fluid. The magnet is 
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added on the side of the container.  
   
Figure 6：shock absorber with air, oil and MR fluid 
Equipment 
Figure 7: PASCO 750 interface and Motion Sensor II
The PASCO 750 interface and Motion Sensor II are used during measuring the 
acceleration and time. With the PASCO Capstone software was used during, the 
sensor could provide a 1.72 x 10-4 m precision with +/- 0.2 % accuracy:  (1 Point 
Calibrated) 
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CHAPTER 4: 
RESULTS & ANALYSIS 
To control the viscosity of the fluid inside the shock absorber, magnetic fields with 
different strength were applied. Using multiple neodymium magnets, a field with 
strength of approximately two kilogausses was created around the MR fluid. Grade 
N-52 neodymium magnets were used in the testing of the shock absorber. Up to 2 
identify magnets were used during testing.  
 
Three different types of spring were used as shown in table 1 to 5. The springs’ 
compression coefficients were as following: Set 1 is 67 lbs. /inch, set 2 is 53 lbs. /inch 
and set 3 is 20 lbs. /inch. All were 4 inches long but have different compression rate. 
These springs give the shock piston to their acceleration.  
 
Several different media were used in the shock absorber along with three different set 
of springs to complete the test. The results are shown in Figure 8~13. Magnetic field 
was not applied for the first three tests but was in the last two. The performance of the 
media is determined by the peak values of acceleration. The magnitude of the 
acceleration shows that there is not a significant difference between oil and the MR 
fluid without magnetic field exists. But after the magnetic field is applied, the MR 
fluid’s resistance significantly increased. The data shown below represents the 
amplitude of the first peak in acceleration.  
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set 1 set 2 set 3 
-3.2 -5 37.9
2.2 25.1 36.3
5.7 -1.4 16.7
9.1 135.5 80.7
155.4 559.9 26.6
2403.5 2277.3 -139.6
1053.4 316.2 361.5
-2922.5 -3465.9 247.6
-265.9 -1349.6 -481.8
-29.7 494.5 127.1
 
Table 1: acceleration data of air. Units in meters per second square 
 
  
Figure 8: This figure shows the acceleration of air. The acceleration was recorded 
with the speed of the plate on the shaft. 
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set 1 set2  set2  
-44.9 -379.8 197.9 
-1.5 -643.4 152.8 
130.5 -316.7 25.5 
287.7 334.7 30.7 
224 1442.7 ‐42.9 
1305.1 1226.7 712.2 
1856.4 -292.8 572.1 
-2862.8 -934.7 ‐991.9 
-2898.6 -395.4 ‐832.2 
1490.8 -127.8 ‐284.8 
 
Table 2: acceleration data of oil. Units in meters per second square 
 
 
 
Figure 9: This figure shows the acceleration of oil. The acceleration was recorded 
with the speed of the plate on the shaft. 
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set 1 set2 set 3 
41.7 -232.6 -29.7 
70.6 -153.6 16.6 
-101.7 -600.5 -233.9 
-166.2 539.7 -292.6 
2327.9 1606.6 241.7 
565.8 -315.9 644.1 
-2060.9 -950.6 493.4 
-390.2 135.1 88.8 
1900.6 172.2 -273.4 
122 -196.5 -70 
 
Table3: acceleration data of MR fluid without magnet. Units in meters per second 
square 
 
 
Figure 10: This figure shows the acceleration of MR fluid without magnet. The 
acceleration was recorded with the speed of the plate on the shaft. 
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set1 set2 set 3 
-75.6 -61.5 95.9
-82.9 -200 161
660.3 441.7 -142.6
1201.1 741.7 -188.2
-1707 -873.1 -22.2
-1845.3 -141.1 212.1
1173.3 1005.6 153.5
1249.2 -268.7 -37.9
-404.4 -894.7 -95.5
-165.2 4.8 -123.6
 
Table 4: acceleration data of MR fluid with one magnet. Units in meters per second 
square 
 
 
Figure 11: This figure shows the acceleration of MR fluid with 1 magnet. The 
acceleration was recorded with the speed of the plate on the shaft. 
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set 1 set 2 set 3 
7 -22.8 44.2
47.9 -128.4 14.1
-39.7 -51.7 -175.4
619.2 -102 115.8
844 189 162.8
-608 310.4 -301.3
-837.1 -152.5 66.4
-103.3 81.4 237
36.5 110.9 -101
34.3 -147.5 -57.7
 
Table 5: acceleration data of MR fluid with two magnets. Units in meters per second 
square 
 
 
Figure 12: This figure shows the acceleration of MR fluid with 2 magnets. The 
acceleration was recorded with the speed of the plate on the shaft. 
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Figure 13: This figure shows the comparison about acceleration of the shaft in the 
shock absorber under setting and same scale. 
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CHAPTER 5:  
CONCLUSION 
MR fluids with the existence of an external magnetic field can provide more 
resistance to motion than air or oil in a traditional shock absorber. It is also noticed 
that the higher the compression coefficient of a spring has, the smaller the resistance 
difference between the MR material and the oil will be. Also the stronger the magnetic 
field is; the larger the resistance of MR fluid will have. 
 
There were a couple of places which could generate errors. One place that most of 
noise came from was the short points of the test platform design. The release trigger 
of the compress lock makes the table shack. And also the connection with shock block 
and spring also make a lot of noise. The disconnected between the spring and block 
make a type of noise that look like a flat top rather than a peak. Another place was the 
magnet position. Also a majority of errors came from the connection between the 
plate above the shock and the rails. The plate connections did not play well after large 
force added on it for couple times. The plate bended a little but a friction comes from 
the rail which will affect the data a lot. There was also a problem during the MR fluid 
testing. When there was only one magnet during the test, the magnetic field is not 
symmetric in the container, which will make some mechanical changes for the shock 
and create some friction. The sensor also have a lot of noise comes because it is too 
sensitive and the sensor will shack after release the spring.   
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In this research, MR fluid was tested that could be used in shock absorber and had 
good results. After testing the shock absorber with MR fluid, it was concluded that 
this application could become useful in the future. 
 
In the future, a computer controlled electromagnet will be used. This could solve 
problems like the asymmetric magnetic field, etc. Also a better design of trigger 
releasing mechanism, the plate to mount roller bearing block as well as adding a 
sensor is necessary to get better data. 
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APPENDIX 
Parts and Material Purpose to use 
MR fluid Material in the shock absorber 
Oil Material in the shock absorber 
Acrylic tubing Shock absorber structure 
Stainless Steel rod Shock absorber axial 
Aluminum board Fix the sensor 
Wood Test platform structure 
Motion Sensor II Measure the speed and acceleration 
Hardware Shock and platform 
O-ring Prevent leak on the shock absorber 
Spring Keep the shock absorber back to length 
Rail and roller block Make the shock move straight 
Table 6： Material used during experiment 
 
Part name Cost Where to buy 
Spring 40 www.springsfast.com 
O-ring 5 Davison Auto Parts 
Screw Unknown  
Wood 5 Lowe’s 
Oxides Iron powder 60 Alpha Chemicals  
Acrylic tubing 15 Amazon 
Rail 35 www.LM76.com 
Table 7： Cost 
 
 
